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SPECIFICATION 



LASER-BASED LIGHT SOURCE 



BACKGROUND OF THE INVENTION 



L Field of the Invention 

[0001] The present invention relates to laser-based light sources, and particularly 
to laser-based light sources having controlled output light intensity. 

2. Description of Prior Art 

[0002] Semiconductor lasers are used as light sources in many consumer and 
industrial products such as laser printers, optical communications links, and optical 
storage systems. Semiconductor lasers are classified mainly as edge-emitting 
lasers and surface-emitting lasers. Edge-emitting lasers have relatively high 
threshold current, and surface-emitting lasers are relatively simple and inexpensive 
to manufacture. Therefore surface-emitting lasers, especially vertical-cavity 
surface-emitting lasers, are gradually replacing edge-emitting lasers in modem 
equipment. Surface-emitting lasers must be properly encased to prevent 
contamination and to minimize fluctuations in operational temperature. 

[0003] A conventional laser-based light source as disclosed in JP-A-60-088486 is 
depicted in FIG. L A sub-mount 51 is provided with a laser diode 5 electrically 
and physically mounted thereon. The sub-mount 51 and an optical detector 6 are 
secured to a header 4, and enclosed by a can 3. A beam splitter 7 is fixed at a 
window 8 defined in a top of the can 3. Two electrical conductors 1, 2 respecfively 
extend from the header 4, and electrically connect the laser diode 5 to a controlling 
circuit (not shown). Transmitted beams (not labeled) emitted from the laser 5 are 
divided by the beam splitter 7 into a series of diffraction beams (not labeled) 
serving as a signal-light source, and a series of reflected feedback-light beams (not 
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labeled). The reflected feedback-light beams are collected and converted into 
electrical signals by the optical detector 6. The electrical signals are transferred to 
the controlling circuit via the electrical conductors 1, 2, to control the output power 
of the laser 5. 

[0004] FIG. 2 shows a relationship between driving current I of the light source 
structure and output power Pi of the laser 5, at different operational temperatures 
Ti, T2. As is shown, the Ppl characteristic curve 10 changes to the Pi-I 
characteristic curve 1 1 when the operational temperature rises from Ti to T2. That 
is, at a given driving current, the laser 5 generates different output power 
depending on fluctuations in the operational temperature. In order to provide 
stable output power of the laser 5, the controlling circuit (not shown) is employed 
to adjust the driving current and thereby achieve the desired stable output power of 
the laser 5. 

[0005] FIG. 3 shows a relationship between reflected light intensity I2 of the laser 
5 and a light receiving position X of the optical detector 6, at different operational 
temperatures Ti, T2. As is shown, the light intensity distribution characteristic 
curve 12 changes to the characteristic curve 13 when the operational temperature 
rises from Ti to T2. Reflected light intensity received by the receiving area X|-X2 of 
the optical detector 6 changes, and a ratio of the light intensity received by the 
optical detector 6 to output power of the laser 5 accordingly also changes. 
Therefore the controlling circuit cannot control the output power of the laser 5 
precisely, and the laser 5 becomes unstable. 

SUMMARY OF THE INVENTION 

[0006] In view of the above, it is an object of the present invention to provide a 
light source in which the output power of a laser can be steadily controlled by 

employing a diffraction grating. 
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[0007] It is another object of the present invention to provide a light source 
which can minimize the effect of varying operational temperatures on output 
power of the light source. 

[0008] In order to achieve the objects set above, a laser-based light source in 
accordance with the present invention comprises a laser, two optical detectors 
symmetrically arranged on opposites sides of the laser, a diffraction grating 
mounted in a can, and a controlling circuit. A plurality of parallel grooves is 
defined in a bottom face of the diffraction grating. Each groove has a depth "d." A 
groove separation "a" is defined between any two adjacent grooves. A groove 
cycle "b" is defined as a sum of the distance a and a width of any one groove. A 
light intensity of light beams reflected from the diffraction grating depends on the 
values of "d", "a" and "b". By selecting a desired duty cycle f^a/b for the 
diffraction grating, the reflected light beams are converged into ±1 order light 
beams. Almost all the ±1 order light beams are collected by the optical detectors, 
notwithstanding variations in operational temperature. The controlling circuit 
receives feedback signals from the optical detectors, and precisely controls output 
power of the light source. 

[0009] Other objects, advantages and novel features of the invention will become 
more apparent from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional view of a conventional laser-based light source; 

[0011] FIG. 2 is a graph illustrating a relationship between driving current of a 
laser of the light source of FIG. I and output power of that laser, at different 
operational temperatures; 
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[0012] FIG. 3 is graph illustrating a relationship between reflected light intensity 
of the laser of the light source of FIG. 1 and a Ught receiving position of an optical 
detector of that light source, at different operational temperatures; 

[0013] FIG. 4 is a schematic cross-sectional view of a light source in accordance 
with the present invention; 

[0014] FIG. 5 is an enlarged view of a portion of a diffraction grating of the light 
source of FIG. 4; and 

[0015] FIG. 6 is a graph illustrating a relationship between reflected light 
intensity of reflected light beams from the diffraction grating of the light source of 
FIG. 4 and a light receiving position X of optical detectors of that light source, at 
different operational temperatures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Reference will now be made to the drawings to describe the present 
invention in detail. 

[0017] FIG, 4 shows a laser-based light source 20 in accordance with the present 
invention. The light source 20 comprises a mounting member 25 incorporating a 
circuitry (not shown) thereon. A laser 26 is mounted on a center of the mounting 
member 25, and is electrically connected with the circuitry of the mounting 
member 25. Two optical detectors 27 are symmetrically mounted on the mounting 
member 25 on opposite sides of the laser 26, and are electrically connected with 
the circuitry of the mounting member 25. Two electrical conductors 21 extend 
from the mounting member 25, and respectively electrically connect the optical 
detectors 27 to a controlling circuit 31. A can 28 is mounted on the mounting 
member 25, and encloses the laser 26 and the optical detectors 27 therein. A 
diffraction grating 29 is mounted in a center of a top portion of the can 28. 
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[0018] FIG. 5 is an enlarged view of a portion of the diffraction grating 29, The 

diffraction grating 29 is formed from a glass plate. The diffraction grating 29 has a 
flat top face 291, and a bottom face 292 defining a plurality of parallel grooves 293 
therein. Transmitted light beams 50 emitting from the laser 26 reach the 
diffraction grating 29 and undergo diffraction and reflection by the diffraction 
grating 29. As a result, a part of the transmitted light beams 50 is reflected and 
separated into zero order light beams 51, ±1 order light beams 52, ±2 order light 
beams (not shown) and higher order light beams. A thin film filter (not shown) is 
formed on the diffraction grating 29, for controlling a light intensity ratio of 
diffracted light beams 54 to the reflected light beams 51, 52 and higher order 
reflected light beams. Each groove 293 has a depth "d." A distance ''a", 
hereinafter referred to as groove separation, is defined between any two adjacent 
grooves 293. A distance "b" is defined as the sum of distance a and a width of any 
one groove 293. The distance b is hereinafter referred to as groove cycle. In the 
present invention, a light intensity of each order of reflected light beams depends 
on the sizes of the grooves 293, and on the positions of the grooves 293 relative to 
each other. That is, the light intensity of the light beams 51, 52 and higher order 
reflected light beams depends on the values of "d", "a" and "b". A ratio of the 
intensity of the +1 or -1 order light beams 51 to the zero order light beams 52 is 
given by: 



PR=U,/Io=I.i/Io=4sin(7cf) sm\Q^/2) / ti^ [1-4 f (1-f) sin(ed/2)] 



Where: 



f=a/b 



9d=47id(ncos0 1 -cos9o)/X- 



ncos9i=(n -sin Go) 



1/2 
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n represents a refractive index of the diffraction grating 29; 



X represents a wavelength of the transmitted light beams 50 generated by the laser 
26; 

9i represents an angle of diffraction of reflected light beams; and 

6o represents an angle of incidence of the transmitted light beams 50 when they 
reach the diffraction grating 29 (when the transmitted light beams 50 are 
perpendicular to the diffraction grating 29, 9o=0). 

[0019) An intensity of ±2 order light beams and higher order reflected light 
beams is far less than intensities of the zero and ±1 order light beams 51, 52. 
Therefore, the intensity of ±2 order light beams and higher order reflected light 
beams can be ignored. Consequently, a desired ratio of the intensity of ±1 order 
light beams 52 to zero order light beams 51 can be obtained by selecting a suitable 
groove depth d, groove separation a, and duty cycle f=a/b. This is so that the 
intensity of reflected light beams from the diffraction grating 29 substantially 
concentrates on the ± 1 order light beams 52. ± 1 order light beams 52 are 
substantially collected by the optical detectors 27 regardless of fluctuations in 
operational temperature of the light source 20, as described below. 

[0020] FIG. 6 shows a relationship between reflected light intensity I3 of 
reflected light beams from the diffraction grating 29 and a light receiving position 
X of the optical detectors 27, at different operational temperatures T|, T2 of the 
light source 20. As is shown, the reflected light intensity I3 versus light receiving 
position X curve 61 changes to curve 62 when the operational temperature rises 
from Ti to T2. However, almost all the reflected +1 order light beams 52 and -1 
order light beams 52 are collected by the light receiving areas X1-X2 and X3-X4 of the 
optical detectors 27, notwithstanding the variation in operational temperature from 
Ti to T2. Thus the optical detectors 27 can feed substantially accurate actual total 



o o 

output power information of the laser 26 back to the controlling circuit 31. 
Therefore the output power of the laser 26 can be precisely controlled by the 
controlling circuit 31 according to the feedback signals obtained from the optical 
detectors 27, regardless of fluctuations in operational temperature. 

[0021] A detailed example of the above-described apparatus is described below. 
It should be noted that, for the purposes of providing this example, certain values 
have been selected for the variables groove cycle b, groove depth d, duty cycle f 
and refractive index n. However, it is within the scope of the present invention to 
select other values for b, d, f and n to yield suitable results. 

Example: 

The diffraction grating 29 has a groove cycle b=1.52 jim, groove depth d=1.4 |im, 
duty cycle f=0.5, and refractive index n=1.5. It is assumed that the angle of 
incidence of the transmitted light beams 50 0o=O, and that the wavelength of the 
transmitted light beams 50 generated by the laser 26 ^=0.85 |im. The ratio of the 

intensity of the +1 or -1 order light beams 51 to the zero order light beams 52 is 
then calculated as follows: 

ncose,=(n'-sinX)^^Hl.5^-sin'0)'^-=1.5 

ed=47cd(ncos0rCOseo)/:^-4x3.14159xl.4Ox(L5-cosO)/O.85=lO.34877 

sin\0d/2)=O.8O132 

PR=Ui/Io=I-i/Io=4sin(7rf) sin^(ed/2) / iC [l-4f (1-f) sin^(ed/2)] 

=1.63461 

[00221 If the total output power of the laser 26 Piotai=0.6 mW, and the ratio of 

light intensity of the diffracted light beams 54 to the reflected light beams 51, 52 
controlled by the thin film filter R=3/7, then the intensity of the zero order light 
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beams 52 and +1 (or -1) order light beams 51 can be respectively obtained as 
shown below: 

Io=PtotaixR/( 1 +2Pr)=0.6x3/7/( 1 +2x 1 .6346 1 )=0.06023 m W 

U,=Li=(PtotaixR-Io)/2=(0.6x3/7-0.06023)/2=0.09846 mW 

[0023] As can be clearly seen, the obtained intensity of the ±1 order reflection 
beams 51 collected by the optical detectors 27 is suitable for practice of the 
invention. 

[0024] It should also be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
foregoing description, together with details of the structure and function of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
especially in matters of shape, size, and arrangement of parts within the principles 
of the invention to the full extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
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